T. B. Stephens , 65 lating enzymes between patients. They suggest that phenobarbitone given concurrently can reduce the plasma level (Hammer, Idestrom and Sjoqvist 1967) and that patients who metabolise the drug rapidly have a low plasma level and are resistant to treatment while those with a slow metabolism would be prone to toxic effects. A relationship between favourable outcome in depression and 'high steady~state plasma levels has been' shown with imipramine by WaIter (1971) .
, It was decided to determine whether the use of nortriptyline in doses related to body size and to actual blood levels obtained would influence the response in children who do not improve'with standard doses and might be insensitive to the drug by reason of rapid hydroxylation of it. It was supposed that if this were the case, toxic effects would 'not be increased in those requiring higher doses, nor would the serum levels obtained be significantly higher in relation to dose per kilogram body, weight. In view of the work of Asberg et al (1971) who showed a therapeutic range of depression between 50-139 ng nortriptyline/ml plasma (ng/mJ) it was'expected that serum levels of the order of 100 ng/ml would be required.
. Patients and methods
The fact that the subjects of this study were the children of services families living in Germany required that the study of each' child should be completed as quickly as possible, by keeping intervals between review short and accepting correspondingly short periods of assessment of response. The assumed time for stabilization of serum level of nortriptyline on steady dosage of two weeks suggested these intervals. Difficulties were also foreseen because the assays of nortriptyline levels were to be carried out in London and this, combined with reluctance to perform repeated venepuncture on quite small children, dictated a reduction in chromatographic assessment to a minimum. The trial was therefore uncontrolled and it was decided to start treatment in each case with a standard 10 mg dose of nortriptyline by mouth in the form of Allegron tablets and to increase gradually to an arbitrary upper dose limit of 3 mg/kg body weight/24 hours (mg/kg/24 hours), and to take blood only after a result had been obtained.
In view of the fact that relatively large doses, even of a "'safe" drug like nortriptyline were expected to be used in children who were suffering from a mere symptom which presents itself as a nuisance to the parents, special attention was required to the problem of toxicity. Complaints of toxic effects were solicited at every review by presenting the parents, rather than the child, with a list ofpreviously described toxic symptoms and inviting response and this, too, would be expected to interfere with a double blind techn~que. Nevertheless, the known cOIIlmon mild toxic effects of tricyclic drugs were not taken to necessarily indicate immediate stopping of treatment:
Unfortunately, in the event, complaints of toxicity turned out to. be very common but the design prevents any correlation of them with serum levels of the drug; crude dosage and dosage in relation to body weight only being available for study.
Sixty-three children of British servicemen or associated civilian families living in West Germany were studied. They were between 5 and '16 years of age, not suffering from fits, diabetesmellitus or any obvious neurological disorder and enuretic by the mother's statement for at least an average of 5 nights pet week for at least the past year. Enuresis was taken to mean nocturnal incontinence of urine with or without daytime frequency or incontinence and both primary and secondary enuretics were accepted.'
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Nortriptyline in Enuresis in Children With Specific Gas-Chromatographic Determination of Steady-State Serum Levels
Preliminary examination was undertaken to establish the type and severity of enuresis, the presence or absence of a fainily history and to exclude obvious physicar causes. An initial electrocardiogram (E.C.G.) was taken and treatment then commenced with nortriptyline (Allegron) 10 mg o.n. At th~ outset, parents were told that enuresis is a common complaint for which the child is not responsible and that no amount of reward or punishment can influence its frequency. They were told, as tactfully as possible that, however understandable it may be, irritation should nofbe expressed and the child should neither be punished for a wet bed nor rewarded for a dry one; in short, that the enuresis should be ignored as far· as possible. Service people are traditionally seen as punitive disciplinarians in their dealings with their children but there were few instances where overt punishment was admitted though there was a proportion where a parent, usually the father, asked whether the , habit' was not due to 'laziness '. They were advised that restriction of fluids and , lifting' are of doubtful value but that they should continue their former practices during the course of treatment. Mothers were instructed to encourage micturition immediately before retiring and then to give the tablets. A "dry bed" chart was given on each occlision with the current date and the date and time of the next appointment marked on it, the number of tablets required for this period were then dispensed. The parents were asked to fill in the " dry bed" chart themselves without arousing the interest of the child in it.
The patients were seen for a second time after one month on the minimum dose. Thereafter they were seen at intervals of 2 weeks. The parents were questioned about possible toxic effects, treatment was adjusted and new charts and supply of the drug were issued. In view of a number of references to cardiac irregularities associated with tricyclic drugs, especially at high dosage (Kristiansen 1961 , Giles 1963 , Connelly and Venables 1961 , Kelly, Fay and Laverty 1963 , Brackenridge, Peters and Watson 1968 , E.c.G's were also performed at each visit and particular attention was paid to P-R intervals, heart rate and to. inversion of T waves. Dosage was increased to· 25 mg o.n., to 35 mg o.n., to 50 mg o.n., and thereafter by 25 mg o.n. to a maximum of 3 mg/kg/24 hours, or until complete continence for 2 weeks was achieved. If toxic effects occurred the treatment was reconsidered and stopped if indicated. In any of these events, blood was taken for nortriptyline estimation. In patients who reached the arbitrary limit without achieving continence or developing toxic effects, plasma nortriptyline was estimated and a new maximum calculated on the basis of 100 ng/ml in serum. This second level was approached by gradual increase in dosage with the same precautions. No child received perphemizine, Halo-peridol or chlorpromazine which are thought to influence nortriptyline metabolism (Gram and Over 1972) nor any barbiturates, benzodiazepines, methaqualone, or diphenylhydantoin which are inducers of hepatic drugmetabolising enzymes (Stevenson et al 1972) .
Serum estimations were performed by the specific gas-chromatographic method of Braithwaite and Widdop (1971) . This method has a lower limit of sensitivity of 20 ng/ml and has shown plasma levels varying between 20 ng/ml in adults receiving doses of the order of 150 mg nortriptyline daily.
Tenml of blood were taken into a lithium/heparin bottle by venepuncture between 9 a.m. and 10 a.m., the child having been receiving a steady dose of the drug nightly for at least 2 weeks. The blood was separated immediately at 3000 rev/min for 5 minutes . and both fractions were frozen and stored at minus 5°C while awaiting transport to the United Kingdom by air in insulated iced containers. Stability studies (Braithwaite and Widdop) have failed to detect any deterioration in dr,ug content after incubation for 70 hours at 37°C and in most cases the transfer o( the blood was effected in .about that time. On occasion it was longer and one specimen was in cold storage for 3 weeks.
Results
There were 35 boys and 28 girls,none of whom had any known relevant physical disorder but 60 had a known family history, taking that to mean enuresis as already defined, in parents, siblings or either pair of grandparents. Forty-four of the children had probably had previous treatment wIth tricyclic drugs of one sort or another usually in doses of 5 mg to 25 mg nightly. The average age' of the children was 7 years 6 months wit.h a minimum ~of 5 years and a maximum of 15 years. They weighed between 13 kg and.50 kg with an average of 24.2 kg. Fourteen boys and 14 girls became dry, a total of 28 (44.4 per cent) ( Table I ). The standard taken was 2 weeks of continence while 
Number in cohort 13 14 10 9 4 5 4 2 1
Notes: There is no significant deviation from the mean in these figures (mean age of all children = 7.51.
Mean age of those achieving continence 7.54 + '-0.06).
continuing to receive treatment. This. is a short time but was chosen as a compromise between mere reduction in frequency which was regarded as of little real value to the patient and an impractically high standard of complete continence for a longer period. ff one takes the stand,ard pf wetting no more than one third as often, the total improved was 47 or 74 per cent. Twenty-one (46 per cent) primary enuretics out of 46 became dry while (41 per cent) out of 17 secondary enuretics did so, an insignificant difference. Table Il shows that most of the children who became continent did so on doses above 25 mg and less than 100 mg. If the results within this dose range are compared with those outside it, the difference is significant at the level of P = 0.02 when only those children receiving a maximum dose are considered and at the level of P <0.01 when all children who received doses within the range are taken. Table III shows the relationship between dose per kg and outcome. A significantly greater proportion of those .children achieving dose/weight ratios between 1.5 mg/kg body weight (mg/kg) and 3.5 mg/kg became continent (P <0.01). Table IV shows the blood levels of nortriptyline attained against the outcome of treatment .. In certain cases more than one blood level was obtained and in· these the higher level has been recorded in the table. Unfortunately, a total of 14 children either did not have blood taken at all or the test was defective in some way so the results are missing. The remaining figures show that continence was acquired in most of the successful cases between blood levels of 25 ng/ml and 150 ng/ml but the difference between 68
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the~e and those not achieving continence at that level is significant only at the level of . P <0.05. This was in spite of the fact that blood was taken in the successful cases always because of the success and in the others for various reasons including toxicity, reaching an arbitrary maximum dosage and reaching a calculated arbitrary maximum blood level. Toxic effects were ~ec6rded 64 times in 39 (62 per cent) of the patients (Table V) , which also shows the relevant doses, maximum doses reached .by all the children and the r\!lationshipbetween the occurrence of toxic effects and the. outcome of treatment, which is not significant. Treatment was discontinued before the therapeutic outcome had been decided in a total of 4 cases. Patient 2 stopped because of nightmares Iwhich are undoubtedly related to' th~ treatment:. Patient 54 stopped at the· mother's request because of a rash which was thought to be rubella but occurred so inopportunely as to cause the mother to refuse to continue. Patients 20 and 58 failed follow-up for unknown reasons. It was remarkable, considering the notorious turbulence of Service life that no patients failed to complete the trial through posting though several only just did so in spite of the intervals between assessments and dose changes having been kept to a minimum. Table VI shows the incidence of toxic effects recorded. The commonest was restlessness, a characteristic disturbance consisting of alertness and relatively increased aCtivity in the evenings coupled with more than usual reluctance to go to bed but not with. insomnia. The complaints of dry mouth and thirst are certainly under-estimated because as shown in Table V , the symptoms tended to be virtually exclusive whereas one would have expected them to be coupled. The check list presented to the parents. on each occasion included flushing,-palpitations, heartburn, fatigue, urinary retention; vomiting, weakness, unsteadiness, dizziness; Parkinsonism, jaundice and confusion but none of these were admitted.
. The causation of enuresis is multiple (Apley and MacKeith 1968) and there is certainly a constitutional factor. The sympton may occur as a complication ofneurological diseases involving cerebral or peripheral nerve degeneration like arterioscJerosis , and diabetes or other organic disease, but usually only as an incidental symptom. The great majority of sufferers have a simple syndrome occurring in otherwise good health and with no obvious evidence of disease. In such children incontinence may be attributed to laziness, polyuria, urinary infection, a small bladder, impaired bladder control or to deep sleep. " Laziness" is merely an expression of parental irritation and, the acceleration of school progress and improvement in home behaviour often seen after successful treatment suggests that psychological disturbances derive from the symptom more often than they cause it. Nevertheless, anxiety and emotional disorder may also be important aetiologically in enuresis. Polyuria is probably unimportant in itself, the problem being that the child does not wake to micturat~ rather than he does it too often. The evidence regarding sleep is conflicting. Electro-enephalographic studies have shown that enuresis occurs both in deep sleep (Gastau( and Broughton 1965, Pierce et al 1961) and in light group.bmj.com on October 11, 2017 -Published by http://jramc.bmj.com/ Downloaded from I ;
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sleep (Ditman and Blain'1955 , Bental'1961 and, Schiff 1965 . One might suggest that the truly significant' fact that sleep at whatever level is undisturbed by sufficient bladder distention to evoke reflex evacuation. If this is the case, any beneficial effect of the tricyclic drugs on enuresis is unlikely to be due to their ~uppression of rapid eye movement (REM) sleep. , . In normal micturition, coptraction of the detrusor induces opening of the bladder neck immediately preceded by relaxation of the pelvic floor and external sphincter (Tanagho, Hutch and Miller 1966) . The process is reflex and normally occurs when its inhibition is voluntary inhibited. The reflex may be 5nitiated by afferent bombardment, . as occurs in severe urinary infections (Shuttlew,orth 1970) , thus producing urgency incontinence like that of the enuretic's daytime accidents. However, in these children urinary infection is not an adequate explanation. In them,' emptying of the bladder occurs before distention causes waking or even daytime awareness, possibly because . of a defect in conduction above the reflex level, perhaps in the reticular formation. The' tricyclic drugs might act at this lev~l by virtue of their anti-cholinergic an4 andrenolytic effects. Ananti-cholinergic'effect has been shown to'be useful by Leys (1956) who showed benefit with ptopantheline bromide: Electrical enuresis alarms are also beneficial, and the work of Scholander (1968) showing a potentiation of dr~g treattpentby the alarm is consistent. It is postulated that primaryel(luresis is due to delay in development of inhibition of micturition during sleep and that in secondary enuretics other causes It:ad to interference with precariously established ~ontrols. . . . , Considerable variation 'in reported incidence of enuresis exists (BI~omfield and Dougla~ 1956, MacKeith 1961, Pringle, ~utler and Davie 1966) but petween the ages of 5 and 15, ninety per' cent of enuretics might be expected to achieve continence spontaneously, at a rate of about9 per cent 'per year. To achieve continence in 44 percent ,within 3 to 6 months is therefore a definite improvement but it is little better than the results of Dische (1971) without the use of drugs at all. However, these patients are not necessar,ily comparable with hers. For example, seventy p<;:r cent of these children had had treatment with tricyclic drugs alone, whereas only 44 per cent of hers had had previous treatment of any sort. L~ke (1968) has described a double blind comparison of notrtiptyline with placebo l:J.nd found the drug to have a beneficial effect, the management of both groups being similar to the present one apart from the addition: of imposed fluid restriction, and the use of only 25mg of nortriptyline each night. Improvement was measured by any reduction of frequency of incontinence and no account of size was taken in spite of an age range between 5 and 12 years. One complaint of a toxic effect was made in 108 periods of treatmentwith the active drug. His results demonstrate , the potential of the treatment bilt no more, the disability caused by enuresis not being appreciably affected by a mere reduction i~ its frequency. ' Forsythe and Merrett (1969) made a comparison between 50 mg imipramine arid 25 mg nortriptyline in 298 children aged between 4 years and 15 years. Again, no account of size wastaken and all children got the same dose. The authors make the, point that "patients are not the slightest bit interested in a significant reduction in the number of wet nights" and doubted whether they could have persuaded the parents to continue treatrp.ent for a further four to eight weeks after the initial eight weeks of the trial. Indeed they, suffered, a high withdrawal. rate which contrasted with, the present' trial which lost only 4 out of 63 oefore completion. They obtained only betwe~n 1 and 2 per cent complete cure but concluded that both drugs were significantly better than placebo.
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Maxwell and Seldrup (1971) in a general practice trial of imipramine against.a placebo found the drug significantly superior in doses up to 50 mg but, again, they took improvement to mean a reducti6n in number of wet nights and did not aim for continence. They found a therapeutic nmge of 0.9 mgJkg to 1.5 mgJkg but derived their ratio by calculation from the ages of the children and not by weighing them.".
As expected, in view of the work of Alexanderson, Price-Evans and Sjoqvist (1969) . and of Hammer, Idestron and Sjoqvist (1967) , there is a poor correlation between the dose given in mg per kg body weight and the serum level achieved. This indicates that with nortriptyline, in children as in adults, the variability of metabolism is such that the serum level of the drug camlot be predicted from the amount consumed and the body weight. However, in this trial the dose was a better predictor of outcome than was the blood level.
Primary and secondary enure tics
The lack of any difference in response between primary and secondary enuretics was surprising. The latter group consisted of those 17 children who had formerly achieved continence at night for at least a year without interruption. It had been expected that they would do less well because they were likely to have an additional factor to the assumed retardation of control of development of primary enuretics. It may be that the symptom responds to treatment whenever the balance between adverse and favourable factors is disturbed in the right direction.
Toxic effects
The tricyclic drugs do have anti-cholinergic and adrenolytic effects (Ban 1969) but' not very powerful ones and there was no correlation ·here between. toxic effects and outcome.
The anti-cholinergic side effects of dry mouth and thirst were common. but· were tolerated well and are tolerable if the· treatment is effective. The other common side effect was alert restlessness in the evenings which occurred in 13 ·patients. Ban suggests that the tricyclic drugs have a central effect of sensitization to adrenergic effects,in particular the potentiation of adrenaline. The effect on the retiCular formation and arousal reac.tion is obscure 'and, though the tricyclic drugs are generally thought to have a depressant effect, this may not be so in the presence of normal catecholamine stores. The findings here certainly suggest an arousal effect but it does not necessarily follow that any beneficial effects would be comparable with the results of treatment with amphetamines. The lack of association between the restlessness of these 13 children and any' tendency to insomnia would support a brain-stem as opposed to a cortical effect . .Four of them achieved continence, proportionately the same as in the trial overall.
the caution exercised to ensure toxic effects did not occur undetected and the constant reminders to the parents may have exaggerated the frequency of 'complaints. It is not possible to show a' significant statistical relation to dosage or to dose/weight ratio (Note: Table 7 contains results: of 62 estimations of serum nortriptyline but some of these are repeats and only 49 children were tested). Symptoms were usually minor and in only 2 cases was treatment interrupted because of " drug" effects. The primary intention 75 of the electrocardiography was to watch for known toxic effects of the drug but these failed to appear, apart from quite frequent inversions of T 3. In children this is not uncommon and in any case the inversions proved unstable both on respiration and from time to time. ' It was concluded that no significant effects on electrical conduction within the heart were detectable at the dose levels employed. On the other hand Steele, O'Duffy and Brown (1967) have shown that sinus tachycardia occurs in mild cases of poisoning with imipramine and' with amitriptyline, without arrhythmias. Heart rates changed between slowing of 14 beats per minute and acceleration of 47 beats per minute from base levels of 63 to 115, giving an average increase of i 7.6 beats per minute on all children tested when blood level of nortriptyline was known (Table VII) . The correlation between 'change in heart rate and dosage level of the drug was not expected to be high because of the large number of uncontrolled factors such as psychological status, variable fatigue etc. and the correlation between change of heart rate, percentage change of heart rate and dose or dose/weight ratio were about minus 0.18 to plus 0.18 but the correlation between change of heart rate and blood levels 'of the drug did reach 0.63. These findings tend to confirm a stimulating effect on the sino-atrial node.
Conclusions
This study seems to show that beneficial effects of nortriptyline in enuresis can be obtained by using larger doses. It demonstrates that there are therapeutic ranges of 25 mg to 100 mg o.n. or 1.5 mg/kg to 3.5 mg/kg but the expected closer correlation between results and actual blood level has not been demonstrated convincingly. In this range complete control of enuresis can be obtained, at least for a short period, in over 40 per cent of SUbjects.
The treatment is, of course, complimentary to other methods of general management and so-called conditioning. Its main draw-back is the problem of toxicity. Enuresis is, at least on a superficial view, merely an irritating symptom so that toxic effects, particularly in children, are to be avoided wherever possible but, under the conditions of this study, no serious damage was known to have occurred and it was necessary to stop treatment in only one case.
MAJOR-GENERAL J. J. MAGNER, C.B., M.C. The sad news of the death of Jerry Magner prompts me to write a few personal reminiscences.
We first met when with the Egyptian Army in 1923 when he succeeded me as s.M.o. in KassalaProvince, after I had broken my collar bone playing polo and had to go to Khartoum for treatment Jerry was very popular and extremely likeable. By nature slow and deliberate, he had a quiet Irish humour. I remember when on camel trek together it was a supreme effort to get him to rise and take to the road at dawn.
Our next meeting was in Khartoum in 1924 when the Sudanese rebellion broke out after Sir Lee Stack the Governor General had been murdered in Cairo. A chance meeting on that occasion I always felt may have saved my life. Carlyle our S.M.O. had. just been murdered in the Military Hospital and just as I was making my way out of the building, I was stopped and warned of the danger by Magner. I promptly took his advice. The rebel officers were eventually shot after a court martial and Jerry had the unpleasant duty of attending the shooting.
It was another 16 years after that when we met again at Leeds where Magner was Commanding the R.A.M.C. Depot opened there during the war. In the intervening years he had qualified as a ra~iologist and on his retirement after being promoted to D.D.M.S. of a Command he took up the Directorship of Civilian Mass Miniature Radiography in the Dublin area .
. With his beetling eyebrows Magner had a forbidding aspect which hid his kindness of heart To his charming wife we express our deepest sympathy.
Sir NEIL CANTLIE'
